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THE  FLASH  POIXTOF  OILS;  METHODS  AND  APPARATUS 
FOR  ITS  DETERMINATION. 


By  Irving  C.  Allen  and  A.  S.  Crossfield. 


INTRODUCTION. 

In  the  handling  of  lamp  oils,  particularly  in  mines  and  in  buildings 
where  open  lights  are  used,  it  is  important  that  a  relatively  safe  oil — 
that  is,  one  with  a  high  flash  point — be  employed.  Equally  important 
is  the  determination  of  the  inflammability  of  all  oils  hi  common  use. 
This  paper,  which  is  published  by  the  Bureau  of  Mines  in  the  interest 
of  greater  safety  at  mining  and  industrial  plants,  does  not  aim 
to  establish  definite  flash  points  for  oils  but  describes  the  instru- 
ments and  methods  of  testing  that  can  be  used  as  a  basis  on  which 
to  establish  such  flash  points.  In  connection  with  the  discussion  of 
the  subject  of  this  paper  effort  has  been  made  to  present  a  complete 
bibliography.  The  numbers  in  parentheses  in  the  text  refer  to  the 
books  or  articles  as  numbered  in  the  bibliography  (pp.  31  to  37). 

THE  FLASH  POINT. 

In  the  various  methods  used  for  determining  the  flash  point  of  an 
oil  the  temperature  at  which  its  vapor  flashes  is  not  a  definite  factor 
but  is  dependent  on  a  number  of  physical  and  chemical  conditions 
not  under  the  control  of  the  operator.  The  flash  point  is  not  an  indi- 
cation of  the  value  of  an  oil  for  any  particular  purpose.  It  is  an 
indication  only  of  the  temperature  at  which  the  oil  gives  off  vapors 
in  such  volume  that  they  form  an  inflammable  mixture  with  the  air. 
If  exposed  to  an  electric  spark  or  a  flame,  the  mixture  will  ignite  and 
the  flame  extend  throughout  the  mixture;  that  is,  the  mixture  of 
vapor  and  air  is  explosive.  The  flash  point  is  of  importance  mainly 
in  connection  with  fire  hazards. 

THE  FIRE  HAZARD. 

The  tendency  of  any  substance,  as  an  oil,  to  place  any  material  in 
danger  of  loss  or  injury  by  fire  is  known  to  underwriters  as  the  "fire 
hazard"  of  the  substance.  Attempts  have  been  made  to  assign  to 
this  term  a  definite  value  in  order  that  an  equitable  ratio  of  insurance 
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rating  may  be  levied  on  different  substances.  As  yet,  however, 
because  of  the  factors  involved,  this  has  not  been  accomplished.  The 
fire  hazard  of  a  substance  is  affected  not  by  one  but  by  many  chem- 
ical and  physical  factors,  such  as  the  vapor  pressure  of  the  substance, 
the  vapor  density  and  diffusibility,  the  explosive  limits  of  the  vapor 
mixed  with  air,  the  calorific  value  of  the  substance,  the  corrosive 
action  of  the  substance,  and  even  such  toxic  properties  of  the  sub- 
stance, or  its  vapors,  as  might  affect  firemen  trying  to  overcome  a  fire. 
All  of  these  factors  and  others  have  a  direct  bearing  on  the  fire  haz- 
ard of  an  oil  or  inflammable  substance,  and  it  is  desirable  to  assign 
to  each  factor  a  value  as  definite  as  possible. 

Of  all  the  fire-hazard  factors  of  oils  the  flash  point  is  perhaps  the 
most  important,  because  from  the  actual  ignition  of  the  substance 
the  injury  is  usually  developed.  It  is  therefore  exceedingly  desirable 
in  determining  this  factor  to  have  methods  that  are  uniform  and 
may  be  duplicated. 

No  attempt  is  made  in  this  paper  to  place  a  relative  value  on  any 
one  of  the  conditions  determining  a  hazard,  but  the  paper  does 
describe  attempts  to  establish  definitely  a  method  of  determining  a 
particular  thing — the  flash  point — as  one  factor  in  the  conditions 
governing  the  danger  from  fire. 

A  requirement  that  an  oil  shall  have  the  highest  practicable  flash 
point,  as  such  a  requirement  tends  to  reduce  the  fire  hazard  to  a 
minimum,  is  praiseworthy  and  humane.  But  to  require  too  high  a 
flash  point  may,  in  the  case  of  a  lamp  oil,  impair  the  burning  qualities 
of  the  oil  and  also  work  a  hardship  on  the  refiner.  However,  the 
immediate  profits  of  the  refiner  should  be  deemed  less  important  than 
the  safety  of  the  user  and  the  protection  of  the  public  against  possible 
loss  of  life  and  of  property  by  fire  (2) . 

The  fire  hazard  of  lubricating  oils  is  of  importance  when  the  lubri- 
cants are  used  for  rapidly  running  machinery,  as  in  spinning  mills  or 
wood  mills,  or  are  used  in  factories  containing  combustibles  and  in 
compressors  for  air,  ammonia,  or  other  gases  (3). 

Particular  attention  should  always  be  given  to  the  handling,  storage, 
and  inspection  of  all  inflammable  liquids  (6-9) . 

INVESTIGATIONS  TO  DETERMINE  FLASH  POINTS. 

In  the  endeavor  to  ascertain  the  temperature  at  which  an  oil 
becomes  dangerous  many  workers  have  experimented  through  a  long 
series  of  years  with  numerous  instruments  and  methods  of  testing, 
have  developed  many  patterns  of  apparatus,  and  have  ascertained 
some  important  facts  regarding  the  determination  of  fire  hazards. 

The  ordinances  in  the  several  States  of  the  United  States  regarding 
the  fire  hazards  of  petroleum  products,  based  solely  on  the  flash  points 
of  the  products,  have  been  formulated  independently  of  one  another 
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and  seem  to  have  little  in  common.  The  testers  used  are  not  com- 
parable with  each  other  as  they  embody  different  theoretical  con- 
siderations, vary  in  dimensions  and  in  construction  (10,  11),  and 
yield  results  that  differ  widely.  This  utter  lack  of  unif ormity  works  a 
hardship  on  the  refiner  and  confuses  the  public. 

WORK   DONE    IN    GREAT    BRITAIN. 

As  early  as  1862  (12)  the  Government  of  Great  Britain  realized  the 
importance  of  obtaining  an  instrument  and  a  method  of  testing  that 
would  show  the  tendency  of  an  oil  to  ignite,  and  in  1868  Sir  Frederick 
Abel,  Dr.  Letheby,  and  Dr.  J.  Attfield  were  authorized  to  investigate 
the  general  matter  of  flash  tests  (13).  This  committee  presented  for 
consideration,  but  without  definite  specifications,  the  ordinary  open- 
cup  tester,  which,  however,  because  of  its  inaccuracies,  did  not  meet 
with  general  acceptance.  The  subject  continued  to  occupy  the 
attention  of  Parliament  from  time  to  time  until  1875,  when  Abel 
proposed  an  instrument  that  was  almost  identical  with  the  present 
Abel-Pensky  tester  and  has  since  then  been  considered  the  official 
tester  of  that  Government  (14). 

WORK   DONE    IN    THE    UNITED    STATES. 

About  this  time — that  is,  between  1860  and  1880 — the  consideration 
of  flash-point  determination  occupied  the  attention  of  the  American 
public.  Testers  of  various  patterns  were  suggested  and  have  been 
used  independently  by  the  numerous  men  interested,  and  many 
different  testers  are  in  use  to-day  in  spite  of  their  inaccuracies  and 
the  widely  varying  results  obtained  by  them  (15).  C.  D.  Chamber- 
lin,  secretary  and  counselor  general  of  the  National  Petroleum 
Association,  stated  in  1910  (16): 

Thirty -four  of  our  forty -six  States  have  laws  providing  for  the  inspection  of  petro- 
leum and  its  products,  and  yet  no  two  States  have  a  law  in  common.  This  in  itself 
forbids  economy  in  manufacture;  if  a  definite  oil  has  to  be  manufactured  to  suit  the 
requirements  of  each  State  there  must  necessarily  be  waste. 

The  situation  has  not  materially  changed  since  that  time. 

PRINCIPAL  TESTERS    USED. 

The  testers  used  in  the  United  States  are  of  many  kinds  and  give 
different  results.  The  seven  best  known  testers  are  the  Tagliabue 
open  tester  (17),  the  Tagliabue  closed  tester  (18),  the  Elliot  or  New 
York  State  tester  (19),  the  Foster  tester  (20),  the  Cleveland  tester, 
the  Abel-Pensky  tester  (21),  and  the  Pensky-Martens  tester  (22). 
In  addition  an  ordinary  small  open  glass  beaker  or  porcelain  evapo- 
rating dish  warmed  over  a  flame  or  on  a  water  or  sand  bath  is  still 
much  used. 
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COMPARISON   OF  THE   PRINCIPAL  TESTERS. 

The  open-cup  testers,  as  the  Cleveland  and  the  Tagliabue  open 
cup,  with  lamp  oils,  give  results  about  5°  C.  above  the  flash  point, 
and  in  the  case  of  heavy  lubricating  oils  the  flash  point  may  be 
25°  C.  higher  than  the  flash  point  determined  with  the  Abel-Pensky 
or  the  Pensky-Martens  testers.  The  Foster  tester  reads  some  3° 
C.  higher  than  the  Tagliabue  "closed  tester."  The  Tagliabue 
" closed  tester"  reads  some?  8°  C.  higher  than  the  Elliot  tester,  and 
2  to  3°  C.  higher  than  the  Abel-Pensky  tester  (23).  For  further 
comparisons  see  references  24  to  26  in  the  bibliography. 

CLASSIFICATION  OF  TESTERS. 

Testers  may  be  grouped  into  six  classes,  namely:  (1)  Open-cup 
testers,  (2)  semiclosed  testers,  (3)  closed  testers,  (4)  open  testers 
with  saturated  vapors,  (5)  vapor-pressure  testers,  and  (6)  distilling 
testers. 

OPEN-CUP    TESTEES    WITH    WATER    BATH. 

Albrecht  (27),  S.  Aisinmami  (27),  J.  Allen  (28),  Arnaboldi  (29), 
J.  Attfield  (30),  C.  F.  Chandler  (31,  32),  the  inventor  of  the  Cleve- 
land tester,  the  Danes  (33),  Ehrenberg  (34),  C.  Engler  (35),  C. 
Engler  and  R.  Haass  (36),  H.  Engler  (37),  Ernecke  and  Hannemann 
(38),  E.  Granier  (39),  H.  Hofer  (40),  Hutton  (41),  the  inventor  of 
the  Indiana  State  tester  (42),  E.  Jacobsen  (43),  Kyll  (44),  Lenoir  and 
Forster  (45),  the  inventor  of  the  Minnesota  State  tester  (46),  Moser 
(47),  G.  Saybolt  (48),  Squires  (49),  Tagliabue  (17),  R.  Vette  (50), 
H.  N.  Warren  (51),  V.  Weise  (52),  and  others  experimented  with  a 
simple  open  cup  about  5  centimeters  in  diameter  and  7  centimeters 
in  depth.  The  cup  was  half  filled  with  the  oil  to  be  tested,  and 
warmed  on  a  water  bath.  From  time  to  time  a  small  lighted  taper 
was  exposed  momentarily  to  the  oil  vapors.  When  the  oil  vapors 
ignited  and  showed  a  flash  of  flame  the  temperature  of  the  oil  was 
ascertained  by  a  thermometer,  the  bulb  of  which  had  been  pre- 
viously immersed  in  the  oil. 

OPEN-CUP    TESTERS    WITH   AIR    BATHS    AND    SAND   BATHS. 

F.  A.  Courtois  (53)  worked  with  lamp  oils  in  a  manner  similar  to 
that  used  by  other  investigators,  but  warmed  his  oil  cup  on  an  air- 
bath,  whereas  for  lubricating  oils  R.  Kissling  (54),  A.  Kunkler  (55), 
J.  Marcusson  (56,  57),  E.  Stoeber  (58),  and  Truemann  (59),  heated 
the  oil  in  a  small  open  porcelain  dish  or  crucible  fixed  in  a  sand  bath, 
and  P.  H.  Walker  (60)  used  a  nickel  crucible  heated  on  an  asbestos 
ring.  W.  Herbig  (61)  improved  this  open  tester  by  covering  the 
dish  with  a  fire-clay  tile  provided  with  a  small  hole  through  which 
to  introduce  the  test  flame. 
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In  all  of  the  open-cup  testers  the  most  volatile  and  iirflammable  or 
the  vapors  escape  first,  but  not  in  sufficient  quantity  to  be  readily 
ignited.  When  the  temperature  reaches  the  point  at  which  the 
vapors  are  given  off  in  sufficient  quantity  for  ignition,  the  tempera- 
ture of  the  oil  has  risen  above  its  lowest  flash  point  or  that  tempera- 
ture at  which  the  accumulated  vapors  would  have  been  inflammable 
in  a  closed  vessel,  the  condition  most  closely  resembling  that  of  oil  in 
the  reservoir  of  a  lamp  or  in  an  oil  tank.  The  temperature  of  the  oil 
in  the  open  cup,  therefore,  is  not  the  true  flash  point,  but  may  be  5° 
to  25°  C.  too  high  (27).  Also  the  vapors  rising  freely  from  the  sur- 
face of  the  oil  in  an  open  cup,  even  in  a  carefully  sheltered  room,  are 
exposed  to  air  currents  and  draf ts  which  seriously  interfere  with  the 
test;  furthermore,  the  operator  may  breathe  on  the  surface  of  the 
oil,  unless  he  take  most  scrupulous  care  to  avoid  doing  so,  and  thus 
cause  other  variations  in  the  accumulation  of  vapors,  so  that  the 
apparent  flash  point  he  obtains  will  be  too  high.  The  combined 
errors  may  cause  a  variation  of  1°  to  25°  C.  in  the  determination  of 
the  flash  point,  depending  on  the  substance  tested  (24).  Moreover, 
the  ignition  flame  must  be  applied  in  a  precise  manner  to  insure 
uniform  results,  and  such  application  is  not  practicable  in  any  of  these 
open-cup  testers. 

SEMICLOSED   TESTEES. 

Various  investigators  improved  the  open-cup  tester  by  adding  a 
cover  with  a  small  opening  through  which  the  test  flame  was  applied 
to  the  vapors  or  through  which  the  vapors  were  allowed  to  escape  past 
the  burning  taper.  Among  these  investigators  were  O.  Braun  (62), 
C.  F.  Chandler  (63),  A.  H.  Elliot  (19),  C.  Engler  (64,  65),  Foster 
(20),  Heumann  (66),  Kuckla  (67),  Luchaire  (68),  Mann  (69),  Mills- 
paugh  (70),  E.  Parrish  (71),  the  deviser  of  the  Phlog-elaio-metre 
tester  (72),  J.  Skalweit  (73),  Tagliabue  (18),  the  deviser  of  the  Wis- 
consin State  tester  (74),  and  others  (75). 

CLOSED  TESTERS. 

Although  the  semiclosed  testers  gave  more  uniform  results,  con- 
siderable variations  were  noted  in  determinations  made  by  careful 
workers,  and  F.  Abel  (21,  76),  Pensky-Martens  (22),  A.  Bernstein  (77), 
O.  Braun  (78),  C.  Engler  (35,  79,  80),  A.  Gawalowski  (81),Granier  (82), 
J.  Gray  (83),  J.  A.  Harker  (84),  D.  Holde  (85,  86),  E.  Jacobsen  (87), 
T.  W.  Keates  (88),  Kiinkler  (89),  Letheby  (90),  Pease  (91),  G.  Saybolt 
(92,  93),  Schmitz  (94),  Sintenis  (95),  Vette  (96),  R.  Weber  (97),  and 
H.  F.  Wiebe  (98-100)  worked  with  closed  testers  fitted  with  a  small 
slide  that  opened  and  closed  a  small  aperture  through  which  the  test 
flame  could  be  applied  at  any  desired  instant. 
35217°— 14 2 
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OPEN   TESTERS   WITH    SATURATED   VAPORS. 

Other  workers,  as  F.  F.  Beilstein  (101),  L.  Liebermann  (102),  A. 
Reythien  and  H.  Hempel  (103),  and  J.  T.  Stoddard  (104,  105),  deter- 
mined the  tendency  of  an  oil  to  generate  vapors  by  bubbling  a  cur- 
rent of  air  through  the  oil  warmed  on  a  water  bath,  allowing  the 
mixture  of  oil  vapor  and  air  to  pass  a  lighted  taper  at  the  open- 
ing of  the  oil  cup  and  noting  the  temperature  at  which  ignition 
occurred. 

Although  these  workers  claimed  satisfactory  results,  the  authors 
have  found  that  results  with  this  type  of  tester  can  be  made  to  vary 
widely  by  changing  the  volume  of  the  air  current.  With  a  slow 
stream  of  small  air  bubbles  passing  at  the  rate  of  about  0.1  c.  c.  per 
second  into  a  100-c.  c.  test  tube  containing  20  c.  c.  of  oil,  immersed  in 
a  well-stirred  water  bath,  and  with  all  precautions  taken  to  correct 
the  temperature  readings,  an  oil  that  flashed  in  an  Abel-Pensky  tester 
at  44°  C.  flashed  at  a  temperature  above  50°  C.  On  increasing  the 
air  current  to  a  quantity  sufficient  to  give  a  froth  about  1  centimeter 
deep  on  the  oil  a  flash  point  below  30°  C.  was  observed.  Because  of 
this  wide  range  in  the  results  obtained,  depending  alone  on  the  vol- 
ume of  air  used  for  agitation  and  combustion,  and  because  the  par- 
ticular volume  of  air  must  of  necessity  be  fixed  arbitrarily,  it  is 
believed  that  this  method  is  not  reliable  for  accurate  testing. 

CLOSED   TESTERS    WITH   SATURATED   VAPOR. 

The  method  of  Beilstein  and  others  for  generating  the  vapors  was 
improved  by  R.  Haass  (106,  107),  H.  Horler  (108),  and  V.  Meyer 
(109,  110),  who  warmed  to  a  desired  temperature  a  definite  quantity 
of  oil  and  air  contained  in  a  closed  vessel  on  a  water  bath.  The 
vessel  was  then  agitated  by  vigorous  shaking  and  replaced  in  the 
water  bath.  The  froth  and  mist  formed  were  allowed  to  settle  until 
the  oil  had  come  to  the  temperature  of  the  bath.  The  vessel  was 
then  removed,  the  vapors  exposed  to  a  flame  or  an  electric  spark, 
and  the  flash  determined.  This  method  insures  the  space  above 
the  oil  being  saturated  with  oil  vapor,  a  condition  not  attained  in 
any  other  tester,  and  not  necessarily  attained  in  the  reservoir  of  a 
lamp. 

The  test,  however,  determines  only  whether  the  oil  will  or  will  not 
flash  at  a  given  temperature,  and  is  valuable  for  this  purpose  only. 
But  determination  of  the  flash  point  of  an  oil  requires  repeated  trials, 
which  with  this  apparatus  are  time-consuming  and  hence  not  prac- 
ticable. The  flash  points  determined  with  this  apparatus  are  some 
9°  C.  (106)  lower  than  those  determined  with  the  Abel-Pensky  and 
Pensky-Martens  testers. 
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CLOSED   VAPOR-PRESSURE   TESTERS. 

In  efforts  to  determine  under  what  conditions  oils  become  danger- 
ous, K.  W.  Charitschkoff  (111),  Geissler  (112),  Meusel  (113),  Salleron 
and  Urbain  (114,  115),  and  P.  H.  Vanderweyde  (116)  endeavored 
to  establish  definite  relations  between  fire  hazard  and  the  vapor 
pressures  developed  by  oils  contained  in  closed  vessels.  Then  efforts 
were  unsuccessful,  as  the  fire  hazard,  though  affected  by  the  vapor 
pressure,  is  determined  by  other  physical  and  chemical  properties  and 
by  variable  conditions  as  well  (see  pp.  5  and  6). 

DISTILLATION  TESTS. 

D'A.  de  Barran  (117),  F.  P.  Beilstein  (118),  and  T.  Rosenbladt 
(119)  endeavored,  also  without  success,  to  estabhsh  a  definite  rela- 
tion between  the  fire  hazard  and  the  quantity  of  vapors  distilled  be- 
tween given  temperatures.  P.  Dvorkovitz  (120)  maintains  that  the 
distillation  test  is  the  best  criterion  for  the  determination  of  the  fire 
hazard  of  an  oil,  and  states  that  a  good  safe  oil  can  be  obtained  by 
allowing  the  finished  refined  oil  to  contain  a  proportion  of  light  oils, 
of  which  not  more  than  10  per  cent  should  distill  below  150°  C,  and 
not  more  than  10  per  cent  should  be  left  as  residue  after  distillation 
at  300°  C. 

FACTORS    TO    BE     CONSIDERED     IN    DETERMINING    THE    FLASH 

POINT. 

The  important  points  to  be  considered  in  the  construction  and 
manipulation  of  an  instrument  to  determine  the  flash  point  of  an  oil 
may  be  stated  as  follows  (84,121 ) : 

MANNER    OF   MAKING    TESTS. 

Tests  should  always  be  duplicated  and  should  always  be  made  with 
fresh  samples  of  oil.  The  conditions  under  which  the  test  vapors  are 
generated  should  correspond  as  nearly  as  possible  to  the  conditions 
found  in  practice.  The  quantity  of  oil  should  be  such  that  no  appreci- 
able change  in  composition  takes  place  during  the  test  because  of  the 
generation  and  the  consequent  loss  of  the  vapors  or  the  lighter  frac- 
tions from  the  body  of  the  oil  (35,  36,  122). 

EFFECT    OF    ATMOSPHERIC    PRESSURE. 

Variations  in  atmospheric  pressure  have  been  observed  to  decidedly 
affect  the  flash  point.  A  rise  of  1  mm.  in  the  barometer  raises  the 
flash  point,  according  to  different  workers,  by  0.03000°  C.  (123), 
0.0437°  C,  and  0.  0350°  C.  (124),  an  average  of  6.0362°  C.  A  sudden 
change  of  barometric  pressure,  however,  causes  only  a  slow  change 
in  the  flash  point  (125),  because  time  is  an  important  factor  in  the 
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evolution  of  vapors  from  an  oil.  The  flash  point  finally  observed 
should  be  corrected  for  barometric  pressure  by  applying  the  proper 
correction,  as  given  in  Table  1. 

FEATURES    OF    OIL   CUP. 

The  shape  and  size  of  the  cup  containing  the  oil  and  of  the  air 
space  above  the  oil  are  important.  As  regards  the  size  of  the  cup, 
the  greater  the  surface  of  oil  exposed  the  more  rapid  will  be  the 
evolution  of  the  light  and  inflammable  vapors  at  any  given  temper- 
ature, and  consequently  the  lower  will  be  the  flash  point  (76). 

The  thickness  of  metal  in  the  cup  has  significance.  A  heavy  cup 
and  cover  will  require  more  heat  to  warm  them  and  will  lengthen 
the  time  required  for  the  test.  The  cup  and  cover  of  the  German 
Abel-Pensky  tester  weighs  about  143  grams,  whereas  that  of  the 
British  Abel  tester  weighs  about  76  grams.  The  German  Abel- 
Pensky  tester  therefore  gives  a  slightly  retarded — that  is,  higher — 
result  than  the  British  Abel  tester  (10). 

The  distance  of  the  surface  of  the  oil  below  the  rim  of  the  cup 
should  be  definite  and  always  the  same.  The  test  should  always  be 
made  when  the  oil  surface  is  on  the  mark  and  not  above  it  (126) .  The 
usual  practice  is  to  fill  the  cup  with  cold  oil  to  the  mark  in  preparing 
for  the  test  and  to  disregard  the  expansion  of  the  oil  during  the  sub- 
sequent warming. 

A  projecting  point  should  be,  used  as  the  mark  for  filling,  as  in  the 
Abel-Pensky  tester,  and  not  a  line,  as  in  the  Pensky-Martens  tester. 
The  surface  of  the  oil  can  be  read  with  reflected  light  at  a  point  pro- 
jecting 1  cm.  from  the  side  of  the  cup  more  accurately  than  at  a  line 
on  the  side  of  the  cup,  because  the  meniscus  formed  by  the  oil  sur- 
face at  the  side  of  the  cup  will  distort  the  reflected  image  and  in  ob- 
scure light  will  render  precise  reading  difficult.  Filling  the  cup 
2  mm.  above  the  mark  in  a  Pensky-Martens  tester  may  result  in 
depressing  the  flash  point  2.5°  C.  in  the  case  of  an  oil  that  flashes  at 
150°  C.  (27),  and  as  much  as  7.5°  C.  with  an  oil  that  flashes  at  300°  C. 
A  variation  in  filling  of  6  mm.  in  a  Pensky-Martens  tester,  according 
to  D.  Holde  (127),  makes  a  difference  of  1  to  1.5°  C.  in  the  flash 
point.  A.  Martens  states  that  an  initial  filling  of  20  c.  c.  below  the 
mark  raises  the  flash  point  1  to  2.5°  C.  (128),  and  a  filling  of  20  c.  c. 
above  the  mark  lowers  the  flash  point  1  to  1.5°  C. 

The  authors  found  that  during  a  test  a  particular  lamp  oil,  heated 
from  room  temperature  (23°  C.)  to  its  flash  point  (46°  C),  expanded  a 
vertical  distance  of  0.5  mm.,  or  0.022  mm.  per  1°  C.  A  lubricating 
oil,  heated  from  room  temperature  to  its  flash  point  (205°  C),  ex- 
panded a  vertical  distance  of  2.2  mm.,  or  0.012  mm.  per  1°  C.  It  is 
important,  therefore,  that  the  cup  be  always  filled  exactly  to  a  definite 
point  and  that  it  be  kept  filled  to  this  point  during  the  entire  time 
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of  the  test.  The  testers  used  by  the  Bureau  of  Mines  have  been 
fitted  with  an  annular  overflow  cup. 

The  dimensions  of  the  air  space  between  the  cup  and  the  bath 
are  important.  The  greater  the  distance  the  slower  will  be  the  rise 
in  temperature,  because  the  slower  will  be  the  transmission  of  heat 
from  the  bath  to  the  oil.  The  annular  overflow  cup  supported  on  a 
fiber  or  rubber  seat  also  prevents  the  oil  around  its  upper  and  outer 
edge  from  being  superheated,  as  happens  in  the  Pensky-Martens  cup. 

The  cup  should  be  protected  by  the  bath  even  to  its  upper  rim, 
because  it  is  as  essential  to  control  the  temperature  of  the  vapors 
as  to  control  that  of  the  oil  itself,  for  the  inflammability  of  the  air- 
vapor  mixture  is  affected  by  its  temperature,  and  this  temperature 
should  be  the  same  as  that  of  the  oil. 

FEATURES    OF   THERMOMETER. 

SIZE    OF   BULB. 

The  size  of  the  thermometer  bulb  is  of  importance.  Differences 
in  dimensions  may  cause  variations  in  thermometer  readings  of 
0.5°  C  (10).  The  official  thermometer  used  in  the  British  Abel 
tester  gives  a  flash  point  0.14°  C.  higher  than  does  the  thermometer 
of  the  German  Abel-Pensky  tester,  principally  because  of  the  differ- 
ence in  size  of  bulb. 

DEPTH    OP   IMMERSION. 

Variations  in  the  depth  of  immersion  of  the  thermometer  bulb  are 
important.  An  elevation  of  2.5  mm.  in  the  depth  of  the  bulb 
depresses  the  indicated  flash  point  by  0.32°  C.  (84).  With  the  bulb 
immersed  to  38  mm.  below  the  surface  in  an  unstirred  cup,  F.  C.  Cal- 
vert (129)  found  the  flash  point  of  a  certain  oil  to  be  34.4°  C,  whereas 
with  the  bulb  immersed  7  mm.  the  flash  point  was  indicated  as 
36.7°  C.  The  difference  would  have  been  inappreciable  if  the  oil  had 
been  well  stirred. 

CORRECTION   FOR    EXPOSED   PORTION    OF   STEM. 

F.  Mayer  (130)  found  that  the  correction  for  the  exposed  portion 
of  the  stem  of  a  thermometer  which  read  to  500°  C.  and  was  from 
265  to  300  mm.  long  might  be  as  much  as  3.3°  C.  at  150°  C,  4.4°  C. 
at  175°  C,  5.8°  C.  at  200°  C,  7.3°  C.  at  225°  C,  9.0°  C.  at  250°  C, 
10.7°  C.  at  275°  C,  12.6°  C.  at  300°  C,  14.7°  C.  at  325°  C,  and  16.8° 
C.  at  350°  C.     To  estimate  this  error  for  any  given  thermometer  he 

developed  the  following  formula:  C  =  (t-tm)  If  (-y-)  0.00018,  in 

which  C  =  correction  in  degrees  centigrade,  t  =  temperature  of  the 
oil,  tm  =  temperature  of  the  middle  of  the  exposed  thermometer 
thread,  If  =  length  in  millimeters  of  the  exposed  thermometer  thread, 
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I  =  length  in  millimeters  of  the  scale  of  the  thermometer,  and 
0.00018  =  cubical  coefficient  of  expansion  of  mercury. 

The  following  formula  to  correct  for  the  stem  error  may  also  be 
used:  C  =  K.N  (T—t)  in  which  N  =  the  number  of  degrees  show- 
ing above  the  surface  of  the  oil;  T  =  the  temperature  of  the  oil, 
and  t  =  the  mean  temperature  of  the  emergent  stem.  The  value  of 
the  constant  K,  the  apparent  expansion  coefficient  of  mercury  in 
glass,  is  for  ordinary  thermometer  glass  and  Jena  thermometer  glass 
No.  16  0.000157;  for  Jena  thermometer  glass  No.  59  0.000163;  and 
for  "verre  dur"  0.000158.  The  correction  is  positive;  that  is,  it  is 
to  be  added  to  the  thermometer  reading. 

As  it  is  difficult  to  apply  either  of  the  above  formulas,  the  ther- 
mometers before  use  should  be  calibrated  when  immersed  in  the 
bath  to  the  proper  depth;  that  is,  to  the  metal  collar  as  shown  in 
Plate  I,  and  when  conditions  correspond  as  nearly  as  possible  to  the 
conditions  of  testing." 

RATE    OF   HEATING. 

The  heating  should  be  slow  and  regular  so  that  the  vapors  are 
evolved  just  fast  enough  to  maintain  equilibrium  between  the 
liquid  and  gaseous  phases  at  a  slowly  increasing  temperature  (84, 
131).  It  is  believed  that  the  rate  of  heating  should  be  between  2° 
and  3°  C.  per  minute  (103),  as  this  rate  will  insure  good  equilibrium 
between  the  two  phases. 

The  heating  and  testing  should  begin  at  a  temperature  at  least 
10°  C.  below  the  flash  point,  as  determined  by  a  preliminary  test, 
in  order  to  give  time  for  equilibrium  to  be  established  before  the 
flash  point  is  reached.  F.  C.  Calvert  (129)  found  the  flash  point  of 
a  particular  oil  to  be  34.4°  C.  when  the  oil  was  heated  from  room 
temperature  to  the  flash  point  in  15  minutes,  36.7°  C.  when  the  oil 
was  heated  to  the  flash  point  in  20  minutes,  and  39.4°  C.  when  this 
heating  took  30  minutes.  He  found  that  if  the  testing  was  begun 
at  7°  C.  below  the  flash  point,  instead  of  at  10°  as  stated  above,  the 
flash  point  was  raised  about  1  °  C. 

EFFECT  OF  PROLONGED  HEATING  OR  COOLING. 

Heating  of  the  oil  for  a  number  of  minutes  prior  to  testing  causes 
a  lowering  of  the  flash  point  because  of  the  loss  of  the  lightest  vapors 
(125). 

On  the  other  hand,  cooling  of  the  oil  for  a  number  of  minutes  just 
prior  to  testing  lowers  the  flash  point  because  of  the  condensation 
and  accumulation  of  these  light  vapors  (132),  but  if  the  slide  of  the 
tester  be  left  open  for  some  minutes  just  prior  to  testing,  the  cooling 
has  less  effect. 

(•Calibration  of  thermometers  and  verification  of  the  dimensions  and  accuracy  of  operation  of  testers 
will  be  made  by  the  Bureau  of  Standards  at  Washington,  D.  ('. 
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IMPORTANCE   OF   STIRRING  THE    OIL. 

The  differences  of  temperature  at  different  points  within  the  oil 
in  the  ordinary  unstirred  cup  may  be  as  much  as  3°  to  5°  C.  (84). 
The  oil  is  hottest  along  the  bottom  and  sides  of  the  cup.  The  heated 
oil  rises  to  the  surface  along  the  sides,  then  flows  toward  and  down 
the  center.  It  may  be  2°  to  3°  C.  hotter  than  the  vapors  above  it. 
Therefore  the  oil  and  vapors  must  be  thoroughly  stirred  during  the 
test.  For  this  reason  the  Abel-Pensky  tester  for  lamp  oils  that  is 
used  by  the  Bureau  of  Mines  is  provided  with  a  stirrer  similar  to 
that  used  in  the  Pensky-Martena  tester  for  lubricating  oils.  The 
renewing  of  the  surface  when  evaporation  takes  place  is  also  impor- 
tant. 

SIZE    OF   TEST    FLAME. 

The  size  of  the  test  flame  is  important.  A  test  flame  the  size  of 
the  ivory  bead  on  the  cover  of  the  Abel-Pensky  tester  burns  about 
0.1  cubic  foot  of  coal  gas  per  hour.  A  test  flame  of  half  this  size 
raises  the  flash  point  1°  C,  and  a  test  flame  of  one  and  a  half  times 
this  size  lowers  the  flash  point  0.5°  C.  A  variation  of  20  per  cent 
in  the  size  of  the  flame  causes  an  inverse  variation  of  0.3°  C.  in  the 
flash  point  (84). 

DISTANCE    OF   TEST   FLAME    ABOVE    OIL. 

The  distance  of  the  test  flame  above  the  oil  surface  is  important. 
The  test  flame  should  be  at  a  definite  and  constant  distance  above 
the  surface  of  the  oil,  as  the  distance  affects  the  temperature  of  the 
bath,  the  vapors,  and  the  oil.  The  farther  the  test  flame  is  from  the 
surface  of  the  oil,  the  later  the  flash  and  the  higher  the  flash  point 
determined.  The  test  flame  should  not  be  brought  too  near  to  the 
oil  nor  should  the  exposure  be  too  long,  for  local  heating  will  result 
and  will  cause  an  error  in  the  reading. 

COMPARISON    OF   GAS,    OIL,    AND    ELECTRIC    TEST    FLAMES. 

A  coal-gas  test  flame  gives  a  flash  point  0.3°  C.  lower  than  does  an 
oil  test  flame.  An  electric  test  spark  gives  a  variable  but  usually 
a  lower  result  than  does  a  gas  flame.  Because  it  is  not  possible  to 
control  the  intensity  and  duration  of  the  electric  spark  and  because 
variations  in  the  intensity  and  duration  of  the  spark  give  variable 
results,  the  electric  test  spark  is  not  suitable  for  an  official  instru- 
ment. 

EFFECT   OF   DURATION    OF    EXPOSURE   OF   THE    TEST    FLAME. 

The  duration  of  the  exposure  of  the  oil  vapors  to  the  test  flame  is 
important.  Frequent  opening  of  the  aperture  in  order  to  expose 
the  test  flame  permits  frequent  escape  of  the  vapors  and  consequently 
retards  flashing  and  raises  the  flash  point.     Exposing  the  test  flame 
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at  each  0.5°  C.  rise  in  temperature,  as  recommended  with  the  German 
Abel-Pensky  tester,  gives  a  flash  point  0.14°  C.  higher  than  that 
obtained  by  exposing  the  flame  at  each  1°  F.  rise  in  temperature,  as 
is  recommended  with  the  British  Abel  tester  (84). 

The  testing  or  exposure  of  the  test  flame  should  begin  at  least  5° 
C.  below  the  true  flash  point  after  correction  has  been  made  for  bar- 
ometric pressure. 

EFFECT    OF    ROOM    TEMPERATURE. 

Allowing  the  oil  to  stand  exposed  for  a  number  of  hours  in  a  warm 
room  materially  lowers  the  flash  point.  Abel  (133)  found  that  a  lamp 
oil  that  ordinarily  flashed  at  22.8°  C.  flashed  at  18.9°  C.  when  the 
laboratory  was  at  a  tropical  temperature  (30°  C.  to  40°  C).  In  a  hot 
climate  or  on  a  hot  day  the  collected  vapors  should  be  removed  with 
an  aspirator,  or  one  should  gently  blow  over  the  surface  of  the  cup 
before  putting  on  the  cover  in  order  to  obtain  results  comparable 
with  those  obtained  with  the  same  oil  in  a  temperate  climate  or  on  a 
cool  day.  This  procedure,  however,  is  not  entirely  satisfactory,  as 
results  obtained  by  different  operators  are  not  uniform.  A  more 
satisfactory  way  is  to  begin  the  testing  at  a  temperature  some  10°  C. 
below  that  required  in  a  temperate  climate  in  order  to  remove  the 
accumulated  vapors.  This  procedure  causes  the  loss  of  some  of  the 
lighter  constituents,  but  such  loss  is  unavoidable,  particularly  in 
tropical  climates  or  on  hot  days  or  after  the  oil  has  stood  for  a  num- 
ber of  hours  in  a  warm  room.  Concordant  results  can  be  obtained 
in  this  way. 

The  legally  established  flash  point  for  an  oil  to  be  used  in  the 
Tropics  should  be  somewhat  lower  than  that  for  the  same  oil  for 
similar  use  in  a  temperate  climate. 

BURNING   POINT. 

The  burning  point,  or  that  temperature  at  which  the  oil  ignites 
and  continues  to  burn  in  an  open  cup,  is  of  significance.  If  the  oil 
is  a  normal  refined  fraction  of  petroleum  the  burning  point  will  be  2° 
to  11°  C.  higher  than  the  flash  point  (134).  The  difference  will  be 
considerably  greater,  however,  if  the  oil  be  a  mixture  of  a  light  and 
a  heavy  oil.  In  the  case  of  a  refined  oil,  however,  the  higher  the 
flash  point  the  smaller  will  be  this  difference  (135). 

EFFECT    OF   WATER. 

The  presence  of  small  proportions  of  water  in  heavy  oils  makes  the 
determination  of  their  flash  points  uncertain,  and  1  per  cent  will  pre- 
vent flashing  entirely  (138,  139),  or  at  least  will  delay  the  flash  until 
after  the  water  has  been  distilled  from  the  oil.  Matuschek  (140) 
found  that  0.1  gram  of  water  in  the  cup  of  oil  raised  the  flash  point 
1°  to  2°  C,  and  that  0.7  gram  of  water  raised  the  flash  point  about 
9°C. 
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Water  also  causes  frothing  of  the  oil.  If  an  oil  that  flashes  above 
80°  C.  contains  0.2  per  cent  of  water,  only  the  approximate  flash  can 
be  obtained,  and  then  only  in  an  open-cup  tester  with  cautious  heat- 
ing and  close  attention  to  prevent  boiling  over. 

REMOVAL   OF   WATER   PRIOR   TO    TESTING. 

Finely  divided  water  in  mineral  oils  is  difficult  to  remove  by  set- 
tling or  by  heating  without  causing  injury  to  the  oil.  Warming  in 
any  way  or  distilling  to  remove  the  water  seriously  lowers  the  flash 
point  and  should  be  avoided;  diluting  with  a  lighter  solvent  intro- 
duces a  low-flashing  oil  that  will  entirely  mask  the  flash  point  of  the 
oil  being  tested.  The  water  is  best  removed  by  treatment  in  an  elec- 
tric separator  (141).  A  convenient  method  of  reducing  the  water 
content  of  an  emulsified  oil  has  been  developed  by  F.  G.  Cottrell, 
J.  B.  Speed,  and  A.  C.  Wright.  The  method  is  admirably  adapted 
to  reducing  the  water  content  on  a  large  scale.  A  convenient  appa- 
ratus for  the  laboratory  may  be  made  as  follows : 

A  glass  tube,  about  5  cm.  in  diameter,  30  cm.  long,  and  open  at 
the  top,  is  drawn  out  at  its  lower  end  and  fitted  with  a  glass  cock. 
On  the  inner  surface  of  the  tube  is  fitted  a  copper-gauze  cylinder, 
extending  from  the  top  to  5  cm.  from  the  bottom.  Between  the 
gauze  and  the  tube  is  placed  a  single  wrapping  of  wet  cheesecloth 
or  very  thin  muslin.  The  tube,  held  in  a  vertical  position,  has  cen- 
tered within  it  a  heavy  copper  wire  or  rod,  extending  from  the  top 
to  5  cm.  from  the  bottom.  The  copper  wire  and  the  copper-gauze 
cylinder  are  connected,  by  means  of  leads  and  a  switch,  directly  to 
the  terminals  of  a  high-potential  (2,200-volt)  step-up  transformer. 

The  tube  is  filled  with  the  emulsified  oil  to  be  examined,  and  the 
circuit  is  closed.  The  high-tension  current  breaks  down  the  emul- 
sion, the  water  is  drawn  to  the  wet-cloth  surface,  trickles  down  the 
cheesecloth,  and  settles  in  the  lower  end  of  the  tube,  whence  it  can 
be  drawn  off.  With  oils  containing  considerable  water,  the  current 
must  be  broken  at  short  intervals  to  prevent  overheating  of  the  oil. 
With  all  oils,  frequent  breaking  of  the  current  is  advisable. 

This  process  readily  reduces  the  water  content  of  an  emulsion,  with 
little  heating,  to  a  very  small  proportion  and  is  admirably  adapted 
to  reducing  the  water  content  of  emulsions  when  heating  is  objec- 
tionable. 

THE    PERSONAL   EQUATION. 

In  general  testing,  so  far  as  is  possible,  the  effect  of  the  personality 
of  the  operator  should  be  eliminated  and  the  manipulation  of  the 
tester  made  entirely  mechanical  and  automatic  (142).  The  most 
accurate  tester  and  the  tester  that  most  nearly  reproduces  actual 
working  conditions  should  be  adopted  for  official  tests. 
35217°— 14 3 
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RELATION  OF  FLASH  POINT  TO  DENSITY. 

There  is  no  definite  relation  between  the  flash  point  and  the  density 
of  an  oil  (136,  137)  as  a  very  small  proportion  of  light  oil,  not  enough 
appreciably  to  affect  the  density,  will  materially  lower  the  flash  point. 

TESTERS  RECOMMENDED  BY  FOREIGN  GOVERNMENTS  AND  BY 
THE  GOVERNMENT  OF  THE  UNITED  STATES. 

The  testers  that  most  nearly  meet  all  the  conditions  that  have 
been  described  are  the  closed  Abel-Pensky  tester,  with  stirrer,  over- 
flow cup,  water  bath  or  oil  bath,  and  mechanical  exposure  of  the 
test  flame  for  exactly  one  second,  fitted  with  standardized  ther- 
mometers for  oils  flashing  up  to  60°  C.  (143) ;  the  same  tester  with  a 
bath  of  petroleum  cylinder  oil  or  palmine  oil  having  a  flash  point  of 
about  250°  C.  for  oils  flashing  between  60°  C.  and  110°  C;  and  the 
Pensky-Martens  tester,  with  air  bath,  for  oils  flashing  above  110°  C. 

The  general  adoption  of  these  two  testers,  of  like  dimensions  and, 
except  their  baths,  of  like  construction,  in  the  United  States  for 
all  interstate  and  foreign  trade  seems  advisable,  because  they  are 
already  well  known  in  the  United  States  and  are  the  recognized 
official  instruments  in  Austria-Hungary,  Belgium,  Denmark,  France, 
Germany,  Great  Britain,  Holland,  Italy,  Japan,  Norway,  Roumania, 
Russia,  and  Sweden. 

The  appearance  of  the  Bureau  of  Mines  testers  is  shown  in  Plates  I 
and  II. a  Certain  of  the  parts  shown  in  Plate  II  have  been  numbered 
for  reference,  as  follows:  1,  water-bath  container;  2,  jacket;  8,  base 
leg;  4>  h&se  ring;  5,  air-bath  device;  6,  jacket;  7,  gauze  frame  and 
gauze;  8,  cup  lifter;  9,  cover  lifter;  10,  oil  cup;  11,  oil-cup  cover; 
12,  overflow  cover;  13,  stirrer;  14,  stirrer  shaft;  15,  stirrer  sheave; 
16,  clock  mechanism;    17,  thermometers. 

TESTING  FLASH  POINT   OF   LAMP  OILS  WITH  BUREAU  OF  MINES 

TESTER. 

SELECTION    OF    THE    WORKROOM. 

The  selection  of  a  suitable  workroom  is  very  important.  In  test- 
ing lamp  oils  it  is  desirable  to  carry  on  the  tests  in  a  room  with  a 
temperature  ranging  from  18°  to  20°  C,  and  it  is  essential  that  the 
tester  used  be  well  protected  from  all  interfering  air  currents.  The 
illumination  of  the  room  should  not  be  too  bright,  as  the  test  flame 
and  the  flash  are  better  observed  in  a  dim  light. 

SELECTION    AND    CARE    OF   THE    SAMPLE. 

The  proper  selection  and  care  of  the  sample  are  essential.  In  the 
selection  of  a  sample  for  testing  one  must  always  be  sure  that  the 
sample  truly  represents  the  oil  to  be  tested.     The  oil  should  be 

o  Working  drawings  showing  the  construction  of  these  testers,  as  modified  by  the  Bureau  of  Mines,  may 
be  obtained  on  application  to  the  Director  of  the  Bureau  of  Mines. 
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thoroughly  mixed  or  the  sample  should  be  taken  by  the  aid  of  a 
sampling  tube  from  points  symmetrically  distributed  throughout  the 
body  of  the  oil  (144).  The  sample  should  then  be  kept  hermetically 
sealed,  01  at  least  kept  in  a  well -closed  vessel  in  a  cool  place  until 
ready  for  use.  The  sample  should  stand  undisturbed  in  the  work- 
room for  such  a  time  before  testing  that  its  temperature  becomes 
practically  that  of  the  room. 

PRELIMINARY   TESTS. 

The  approximate  flash  point  of  an  oil  to  be  tested  should  be  first 
ascertained  by  a  prehminary  test  by  heating  the  sample  so  that  the 
temperature  will  rise  at  the  rate  of  1°  C.  per  minute  and  applying  the 
test  after  each  5°  rise  until  the  halo  appears,  and  then  at  each  1°  rise 
until  the  flash  occurs.  The  test  should  be  carefully  repeated,  in  the 
following  manner : 

FILLING   AND   ADJUSTING   THE    TESTER    AND   MAKING   THE   TEST. 

The  sample  and  the  oil  cup  must  first  be  brought  to  a  temperature 
of  at  least  10°  C.  below  the  approximate  flash  point  of  the  oil,  by 
standing  the  cup  in  an  ice  mixture  if  necessary,  before  the  cup  is 
adjusted  in  the  bath.  The  lower  edge  of  the  overflow  aperture  is 
greased  on  its  outer  side  to  induce  ready  overflow  when  the  oil 
expands.  The  clean,  dry  cup  is  then  placed  in  the  bath,  the  sample  is 
run  into  the  cup  with  the  aid  of  a  glass  pipette  until  the  filling  point 
just  disappears  under  the  surface  as  seen  by  light  reflected  from  the 
surface  of  the  oil.  Care  must  be  taken  not  to  splash  the  oil  to  the  sides 
of  the  cup  and  not  to  have  froth  formed  on  the  oil.  All  bubbles  on  the 
surface  of  the  oil  must  be  pricked  with  a  heated  wire.  In  case  too 
much  oil  has  been  accidentally  run  into  the  cup,  the  cup  must  be 
emptied,  washed  clean  with  a  good  solvent,  wiped  dry,  and  a  fresh 
filling  made.  After  the  filling  has  been  correctly  done,  adjust  the 
cover  and  thermometer  immediately,  light  the  test  flame,  and  adjust 
it  to  the  size  of  the  ivory  bead  on  the  cover;  that  is,  so  that  it  will 
burn  0.1  cubic  foot  of  coal  gas  per  hour. 

Allow  the  apparatus  to  stand  10  minutes,  to  give  time  for  the  oil 
vapors  to  accumulate,  meanwhile  stirring  regularly  and  constantly  at 
one  revolution  per  second.  Then  light  the  gas  flame  below  the  bath 
and  adjust  to  such  a  height,  as  determined  by  preliminary  tests, 
that  the  temperature  of  the  oil  will  rise  at  the  late  of  about  1°  per 
minute.  Warm  to  within  5°  C.  of  the  predetermined  flash  point  and 
expose  the  test  flame  for  exactly  one  second  by  means  of  the  mechan- 
ism provided  on  the  cover.  Continue  stirring  and  making  the  ex- 
posuie  at  each  0.5°  C.  rise  in  the  temperature  until  the  flash  occurs. 
Particular  care  must  be  taken  that  the  cup  is  not  subjected  to  drafts 
during  the  test  and  that  the  breathing  of  the  operator  is  not  allowed 
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to  interfere,  particularly  at  the  moment  the  test  flame  is  exposed  to 
the  vapors.  It  will  be  noted  that  when  the  oil  is  about  5°  C.  below 
the  flash  point,  the  test  flame,  as  it  is  exposed  to  the  vapors,  will  be 
surrounded  by  a  pale-blue  halo,  which  gradually  increases  in  intensity 
until  a  sudden  inflammation,  or  gentle  explosion,  of  the  vapors  or  the 
"flash"  occurs.  The  temperature  at  which  this  occurs,  as  registered 
by  the  thermometer  in  the  oil,  is  the  flash  point.  With  fuel-oil  resi- 
dues or  with  poorly  refined  oils  from  which  a  small  quantity  of  low- 
flashing  fractions  is  continually  being  liberated,  tins  halo  may  first 
appear  at  a  temperature  as  much  as  30°  C.  below  the  flash  point. 

The  test  should  always  be  repeated  with  a  fresh  sample.  The  first 
sample  should  be  thrown  away,  the  cup  washed  with  gasoline,  wiped 
dry,  the  cup  and  water  bath  cooled  to  the  proper  temperature,  and 
the  test  repeated  exactly  as  described  above.  Duplicate  tests  should 
agree  within  0.5°  C.  The  mean  of  the  two  readings,  if  good  agree- 
ment is  noted,  corrected  for  barometric  pressure  (see  Table  1),  is  con- 
sidered the  flash  point  of  the  oil. 

BURNING  POINT. 

The  burning  point  is  that  temperature  at  which  the  oil  ignites  and 
continues  to  burn.  To  determine  the  burning  point,  open  the 
cover,  continue  the  heating,  and  expose  the  test  flame  to  the  vapors 
in  the  same  manner  as  when  taking  the  flash  point,  until  the  oil  ignites 
and  continues  to  bum. 

SUBSTITUTE  OR  SECONDARY  TESTERS. 

It  may  happen  that  the  cost  of  Bureau  of  Mines  testers  prohibits 
their  use.  In  such  an  event,  or  when  a  high  degree  of  accuracy  is  not 
required — that  is,  wThen  the  flash  point  of  the  oil  is  not  within  5°  C. 
of  the  minimum  legal  flash  point — the  flash  point  may  be  determined 
by  means  of  an  open-cup  tester  or  a  test-tube  tester.  But  whenever 
it  is  necessary  to  know  the  flash  point  of  the  oil  within  5°  C.  of  the 
legal  flash  point,  and  in  all  cases  of  controversy  or  doubt,  a  precise 
instrument  must  be  used. 

THE  OPEN-CUP  TEST. 

The  open-cup  tester  is  used  in  testing  for  approximate  flash  points 
only.  A  simple  open-cup  tester  (see  p.  8)  that  may  be  used  for  such 
testing  is  as  follows : 

A  glass  beaker  or  metal  cup  of  the  same  dimensions  as  the  Bureau 
of  Mines  testers — that  is,  5.1  cm.  in  diameter  and  5.6  cm.  in  depth — is 
filled  to  within  1.8  cm.  of  its  upper  rim  with  the  oil  to  be  tested.  In 
testing  lamp  oils  the  cup  is  supported  in  a  water  bath  by  a  flange  at 
its  upper  edge,  and  in  testing  oils  with  higher  flash  points  the  cup  is 
supported  on  a  sand  bath.     A  thermometer  is  supported  with  its 
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bulb  immersed  in  the  oil.  A  test>flanie  burner  is  made  by  drawing  a 
piece  of  hard  glass  tubing  to  a  capillary  about  1  mm.  in  diameter,  to 
which  gas  is  supplied.  The  flame  is  adjusted  to  3-mm.  cross  section. 
If  such  a  burner  has  not  been  prepared,  a  small  wax  taper,  a  burning 
string,  or  a  splinter  of  wood  may  be  used.  The  bath  is  heated  with 
an  ordinary  Bunsen  burner.  The  method  of  testing  is  as  nearly  as  pos- 
sible like  that  in  official  tests  with  the  Bureau  of  Mines  testers. 

THE  TEST-TUBE  TESTER. 

A  simple  and  inexpensive  tester,  based  on  the  principle  developed 
by  Meyer,  Haass,  and  others  (106  to  110),  which  will  show  whether 
a  lamp  oil  will  flash  at  any  given  temperature,  and  may  be  used  in 
ordinary  work,  is  made  as  follows : 

A  glass  test  tube  approximately  2  cm.  in  diameter  and  15  cm.  long 
is  one-quarter  filled  with  the  oil  to  be  tested.  The  tube  is  loosely 
closed  with  a  cork  and  is  immersed  to  the  cork  in  a  water  bath  warmed 
to  the  desired  temperature  until  the  temperature  of  the  oil  has  reached 
the  temperature  of  the  bath.  The  tube  is  then  removed  from  the 
water  bath  and  vigorously  shaken.  The  tube  is  again  immersed  in 
the  bath  for  a  moment  to  equalize  the  temperature  and  to  allow  the 
spray  to  settle.  The  tube  is  then  removed  from  the  bath,  the  cork 
withdrawn  in  the  immediate  vicinity  of  a  flame,  and  the  vapors  ex- 
posed for  ignition.  Failure  of  a  flash  or  burning  will  denote  that  the 
oil  will  not  flash  at  this  particular  temperature.  If  that  temperature 
is  the  legal  minimum  flash  point  the  oil  will  have  satisfactorily  with- 
stood the  test.  If  the  test  is  carefully  made,  and  concordant  results 
are  obtained  on  repetition,  it  may  be  trusted  for  ordinary  testing. 

RESULTS  OF  LATER  TESTS. 

Some  additional  data,  obtained  from  tests  made  after  the  first 
edition  of  this  paper  was  issued,  are  given  in  the  following  pages.  In 
making  the  tests  a  degree  of  accuracy  greater  than  0.5°  C.  for  oils 
flashing  below  100°  C.  and  1°  C.  for  oils  flashing  above  100°  C.  was 
not  attempted,  and  any  fractions  of  degrees  reported  in  subsequent 
tables  are  derived  as  averages  of  several  tests  or  from  thermometer, 
barometer,  or  instrument  corrections. 

STANDARDIZATION    OF    INSTRUMENTS. 

To  obtain  comparable  results  the  two  Bureau  of  Mines  instruments 
used  in  the  tests — a  modified  Abel-Pensky  tester  and  a  modified 
Pensky-Martens  tester — were  compared  with  an  Abel-Pensky  tester 
that  had  been  standardized  in  1908  by  the  Physikalische-Technische 
Reichsanstalt  (certificate  Xo.  S.  &  R.  3114).  Determinations  of 
flash  points  of  three  different  oils  were  made  with  the  three  instru- 
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ments.     The  averages  of  the  results  of  five  tests  agreeing  within 
0.5°  C.  are  as  follows: 

Results  obtained  icith  Bureau  of  Mines  testers  compared  with  results  obtained  with  stand- 
ardized Abel-Pensky  tester. 


Flash 

Flash 

point  a  Bu- 

point,a  Bu- 

Flash 

reau  o  f 

reau  ol 

Designation  of  sample. 

point," 
Abel-Pen- 

Mines 
modified 

Difference. 

Mines 
modified 

Difference. 

sky  tester. 

Abel-Pen- 
sky tester. 

Pensky- 
Martens 
tester. 

°  C. 

°  C. 

■« 

°  C. 

°  C. 

X 

47.3 

48.0 

+0.7 

49.0 

+  1.7 

No.  10S6 

36.3 

37.0 

+0.7 

37.8 

+  1.5 

No.  1087 

44.5 

45.  5 

+  1.0 

46.2 

+  1.7 

Average 



+0.8 

+  1.6 

a  Results  represent  aveiag?s  of  five  tests. 

In  all  results  hereafter  reported  the  corrections  indicated  as  being 
necessary  as  a  result  of  the  tests  have  been  made.  The  large  correc- 
tions involved  show  that  it  is  advisable  to  have  all  instruments 
intended  for  exact  work  compared  with  some  established  standard. 

USE    OF    GAS    OR   OIL    IGNITION    FLAMES. 

The  use  of  gas  or  oil  test  flames  is  optional.  In  comparative  tests 
natural  gas,  colza  oil,  and  lard  oil  were  used  as  ignition  flames,  with 
the  Bureau  of  Mines  modification  of  the  Abel-Pensky  tester.  Between 
the  three  there  was  a  maximum  difference  of  0.3°  C,  which  is  well 
within  the  error  of  manipulation.  The  results  obtained  were  as 
follows : 

Comparison  of  flash  points  obtained  with  gas  and  uith  oil  test  flames. 


Designation  of  sample. 

Flash  point. 

Gas  test 
flame. 

Lard-oil 
test  flame. 

Colza-oil 

test  flame. 

Xo.  10s7 

c  C. 

45.5 
48.0 

0  C. 

45.4 
48.1 

c  C. 
45.2 

47.7 

A  petroleum  distillate,  "300°  burning  oil,"  on  the  other  hand, 
gave  a  flash  point  approximately  0.8°  C.  too  high;  hence  the  use  of 
such  an  oil  as  an  ignition  flame  is  not  recommended.  The  difference 
is  probably  explained  by  the  fact  that  the  distillate  flame  was  rather 
difficult  to  regulate,  owing  to  the  rapid  flow  of  oil  through  the  wick 
and  owing  to  incomplete  combustion,  as  indicated  by  a  bright,  lumi- 
nous flame,  which  in  itself  may  have  obscured  the  first  flash.  Be- 
cause of  the  ease  of  manipulation,  a  gas  flame  is  most  desirable. 
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EFFECT  OF  STIRRER  ON  FLASH  POINT. 

The  heat  is  applied  to  the  oil  from  the  bottom  and  sides  of  the 
cup,  with  the  result  that  convection  currents  start  within  the  oil, 
their  general  direction  being  across  the  bottom  of  the  cup,  up  the 
sides,  across  the  top,  and  down  the  center  past  the  thermometer 
bulb.  Consequently  the  oil  passing  the  thermometer  is  slightly 
cooler  than  that  at  the  circumference  of  the  surface,  and  a  flash 
point  lower  than  the  true  one  is  recorded.  This  is  clearly  shown  in 
the  results  given  in  the  following  table: 

Comparative  flash  points  of  stirred  and  unstirred  oil  samples. 


Flash  point." 

Designation  of  sample. 

Bureau  of  Mines  modi- 
fied Pensky-Martens 
tester. 

Bureau  of  Mines  modi- 
fied     Abel  -  Pensky 
tester. 

Pensky-Martens  tester. 

Oil 

stirred. 

Oil 
unstirred. 

Oil 

stirred. 

Oil 
unstirred. 

Oil 
stirred. 

Oil 
unstirred. 

Kerosene  X 

°  C. 

8  C. 

°  C. 

8  C. 

8  C. 
46.2 
35.6 
44.3 

8  C. 
45.7 

1086 

37.0 
45.5 

37.1 
45.2 

35.1 

1087 

46.2 
117.0 
184.7 
196.4 

45.4 
115.1 
183.0 
195.6 

45.8 

1092 

1096 

a  Results  given  are  averages  of  three  tests  each. 

Further,  the  greater  the  rate  of  heating  the  greater  will  be  the  con- 
vection currents,  and  consequently  the  greater  will  be  the  difference 
between  the  temperature  of  the  oil  at  the  circumference  and  the  tem- 
perature at  the  center  of  the  cup.  Also,  the  higher  the  flash  point 
the  greater  will  be  the  temperature  differences.  The  differences  are 
almost  entirely  removed  by  the  use  of  a  stirrer,  and  it  has  also  been 
found  easier  to  get  concordant  results  in  a  stirred  cup  than  in  one 
that  is  without  a  stirrer. 


EFFECT    OF   HEIGHT    OF   FILLING. 

Different  investigators  have  found  that  a  definite  filling  of  the  cup 
has  a  decided  effect  on  the  determination  of  the  flash  point.  Filling 
the  cup  above  the  point  used  as  the  filling  mark  lowers  the  flash  point, 
because,  obviously,  the  oil  expands  in  heating  and  its  surface  is  brought 
nearer  the  test  flame.  Expansion  of  the  oil  reduces  the  volume  of 
the  gas  mixture,  an  explosive  mixture  is  formed  at  a  lower  tempera- 
ture, and  consequently  a  lower  flash  point  is  recorded.  An  explosive 
mixture  would  be  obtained  at  a  lower  temperature  from  a  fixed  weight 
of  oil  than  from  a  fixed  volume,  and  a  lower  flash  point  would  result. 
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To  do  away  with  these  sources  of  error  the  modified  testers  have  been 
fitted  with  overflow  cups  so  that  as  the  oil  heats  and  expands,  the 
excess  runs  off,  and  the  volumes  of  botli  oil  and  vapor  mixture  are  kept 
constant.  The  above  assumptions  are  substantiated  by  the  results 
of  tests  given  below : 

Comparison  of  flash  point  obtained  with  constant  weight  ami  flash  point  obtained  with 

constant  volume. 

[Instrument  used,  Bureau  of  Mines  modified  Pensky-Martens  tester.) 


Number  of  sample. 

Flash  point.o 

Constant 
volume. 

Constant 
weight. 

Difference. 

1087 

•C. 

46.2 
117.0 
184.7 
196.4 

°C. 
45.8 
115.1 
183.0 
195.3 

•0. 

0.4 

1.7 
1.3 

1092 

1095 

1096 

a  Results  given  are  averages  of  three  tests  each. 


EFFECT    OF    OVERFLOW    CUP    ON    FLASH   POINT. 

The  suggestion  has  been  made  that  the  overflow  oil  in  the  outer 
cup  will  be  much  hotter  than  the  temperature  indicated  by  the  ther- 
mometer within  the  cup,  and  that  the  vapors  liberated  will"  pass 
back  into  the  cup  and  give  a  flash  below  the  true  flash  point  of  the 
oil,  but  it  is  believed  that  such  conditions  do  not  exist.  In  the  first 
place,  the  cup  is  so  constructed  that  the  bottom  is  directly  exposed 
to  the  hot  bath  and  the  oil  in  the  cup,  if  stirred,  is  at  a  temperature 
not  appreciably  lower  than  that  in  the  overflow  cup.  The  volume 
of  the  oil  that  overflows  is  small  as  compared  with  that  of  the  oil  in 
the  cup;  and  the  quantity  of  vapors  liberated  from  such  a  small 
volume,  even  at  a  slightly  higher  temperature,  would  have  little 
effect  on  the  flash  point,  particularly  that  fraction  of  the  small 
volume  that  might  pass  back  into  the  cup.  Also,  it  is  hardly  to  be 
assumed  that  the  vapors  would  pass  back  into  the  cup  rather  than 
escape  around  the  loosely  fitting  ring  of  the  overflow  cup.  These 
views  are  substantiated  by  the  fact  that  for  no  oil  tested  was  a  lower 
flash  point  determined  in  the  cup  with  the  overflow  open  than  in  the 
cup  with  the  overflow  plugged.  As  further  proof,  comparisons  were 
made  of  the  flash  point  obtained  from  an  oil  in  the  usual  way  with 
the  flash  point  obtained  from  the  oil  after  some  low-flashing  oil  had 
been  placed  in  the  overflow  cup.     The  results  were  as  follows: 


SUMMARY. 
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Effect  of  placing  some  lov;-flashiny  oil  in  the  overflow  cup. 
[Instrument  used,  Bureau  of  Mines  modified  Abel-Pensky  tester.] 


Number  of  test. 


Flash  point  of- 


Oil  1087 

with  5  c.o. 

of  oil  ios<; 

Oil  iUST. 

(flashpoint 

37°  C.i  in 

the  over- 

flow cup. 

•  C 

"  C. 

45.4 

45.4 

45.3 

45.4 

45.  v 

45.  4 

1 

2 

3 

Average 45. 5 


As  previously  pointed  out,  the  annular  overflow  cup  surrounding 
the  oil  cup  •will  also  prevent  superheating  and  consequent  volatiliza- 
tion of  the  oil  around  the  cup's  upper  outer  edge. 

SUMMARY. 

The  Bureau  of  Mines  testers,  modifications  of  the  older  forms 
of  the  Abel-Pensky  and  Pensky-Martens  testers,  have  the  following 
features:  Each  cup  is  fitted  with  an  annular  overflow  cup  into  which, 
through  a  small  opening  on  a  level  with  the  filling  point,  the  excess  of 
oil  caused  by  expansion  on  heating  flows.  This  arrangement  assures 
constant  volume  of  both  the  oil  and  the  vapor  mixture  above  the  oil. 
The  modified  Abel-Pensky  tester  is  provided  with  a  paddle-wheel 
stirrer  identical  Avith  that  of  the  Pensky-Martens  tester,  and  the 
automatic  slide  of  the  Abel-Pensky  tester  has  been  fitted  to  the 
modified  Pensky-Martens  tester.  However,  the  last  change  neces- 
sitated raising  the  clockwork  on  insulating  posts  above  the  hot  bath, 
as  the  intense  heat  drew  the  temper  of  the  spring.  The  two  testers 
recommended  are  therefore  identical  except  for  a  water  bath  being 
used  for  testing  low-flashing  oils  and  a  metal  air  bath  for  high- 
flashing  oils.  The  cups,  the  automatic  opening  devices,  and  the 
stirrers  of  the  two  testers  are  interchangeable.  Investigations  con- 
ducted in  the  Bureau  of  Mines  laboratories  indicate  that  the  tester 
for  oils  having  a  high  flash  point  can  be  used  satisfactorily  for  the 
testing  of  low-flashing  oils,  though  the  temperature  regulation  is  not 
as  exact  as  with  the  water-jacketed  tester.  The  same  conclusion  has 
been  reached  by  other  investigators  (99).  Each  tester  is  fitted  with 
gas  or  oil  ignition  burners. 
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The  important  factors  to  be  considered  in  the  construction  and 
manipulation  of  an  instrument  for  determining  the  flash  point  of  an 
oil  may  be  stated  as  follows: 

1 .  The  conditions  under  which  the  test  vapors  are  generated  should 
be  as  like  as  possible  for  the  conditions  found  in  practice. 

2.  Corrections  should  be  made  for  variations  from  the  normal 
barometric  pressure. 

3.  The  shape  and  dimensions  of  the  cup  should  be  definite. 

4.  The  size,  shape,  depth  of  immersion,  and  exposed  part  of  the 
thermometer  should  be  definite  and  the  thermometer  should  always 
be  calibrated.  The  thermometer  should  be  calibrated  when  im- 
mersed to  the  collar,  60  mm.  from  its  lower  end. 

5.  The  oil  should  never  be  exposed  for  any  length  of  time  at  tem- 
peratures greatly  higher  or  lower  than  the  normal  temperature. 

6.  The  rate  of  heating  on  testing  should  be  constant  and  at  a  rate 
of  about  1°  C.  per  minute  for  lamp  oils  and  3°  to  5°  C.  per  minute 
for  oils  with  a  high  flash  point. 

7.  The  oil  being  tested  should  be  uniformly  stirred  during  the  test. 

8.  The  test  flame  should  be  of  definite  size;  it  should  be  exposed 
at  a  fixed  distance  above  the  surface  of  the  oil  and  for  a  definite 
length  of  time. 

9.  All  water  should  be  removed  from  the  oil  prior  to  testing. 

10.  In  general  testing,  so  far  as  possible,  the  personal  equation  of 
operators  should  be  eliminated  and  the  manipulation  of  the  tester 
made  entirely  mechanical  and  automatic. 

CONCLUSION. 

The  most  accurate  tester  and  the  tester  that  most  nearly  repro- 
duces actual  working  conditions  should  be  adopted  for  official  tests. 
If  all  of  the  above  factors  be  considered,  it  is  believed  that  these  two 
testers,  the  Abel-Pensky  and  the  Pensky-Martens,  as  modified  by  the 
Bureau  of  Mines,  most  nearly  meet  the  desired  conditions. 

The  Bureau  of  Mines  flash  testers  have  been  officially  adopted  by  the 
National  Fire  Protection  Association  and  the  Independent  Petroleum 
Marketers'  Association  of  the  United  States,  and  are  now  being  con- 
sidered for  adoption  by  committees  on  tests  of  the  National  Petro- 
leum Association,  the  American  Chemical  Society,  the  American 
Society  for  Testing  Materials,  the  International  Petroleum  Commis- 
sion, and  the  American  Petroleum  Society. 


CONVENIENT  TABLES. 

Table  1. — Correction  of  flash  point  for  normal  barometric  pressures. 
[Reading  of  barometer,  mm.]  <* 


Flash  point,  °C. 

760 

650 

655 

660 

665 

670 

675 

680 

685 

690 

695 

700 

705 

710 

715 

19.0 

15.5 

15.6 

15.7 

15.8 

15. 

0 

16.1 

16.2 

16.4 

16.6 

16.7 

16.9 

17.1 

17.3 

17.4 

19.5 

16.0 

16.1 

16.2 

16.3 

16.4 

16.6 

16.7 

16.9 

17.1 

17.2 

17.4 

17.6 

17.8 

17.9 

20.0 

16.5 

16.6 

16.7 

16.8 

16. 

9 

17.1 

17.2 

17.4 

17.6 

17.7 

17.9 

18.1 

18.3 

18.4 

20.5 

17.0 

17.1 

17.2 

r 

.3 

i: 

4 

17.6 

17.7 

17.9 

IS.  1 

IS.  2 

IS.  4 

18.6 

IS.  8 

18.9 

21.0 

17.5 

17.6 

17.7 

i' 

.8 

17 

9 

IS.  1 

18.2 

18.4 

IS.  6 

IS.  7 

18.9 

19.1 

19.3 

19.4 

21.5 

18.0 

18.1 

18.2 

IS.  3 

IS 

4 

18.6 

18.7 

18.9 

19.1 

19.2 

19.4 

19.6 

19.8 

19.9 

22.0 

18.5 

18.6 

18.7 

18.8 

18 

'.1 

19.1 

19.2 

19.4 

19.6 

19.7 

19.9 

20.1 

20.3 

20.4 

22.5 

19.0 

19.1 

19.2 

19.3 

19 

i 

19.6 

19.7 

19.9 

20.1 

20.2 

20.4 

20.6 

20.8 

20.9 

23.0 

19.5 

19.6 

19.7 

19.8 

19 

9 

20.1 

20.2 

20.4 

20.6 

20.7 

20.9 

21.1 

21.3 

21.4 

23.5 

20.0 

20.1 

20.2 

20.3 

20 

4 

20.6 

20.7 

20.9 

21.1 

21.2 

21.4 

21.6 

21.8 

21.9 

24.0 

20.5 

20.6 

20.7 

20.8 

20 

9 

21.1 

21.2 

21.4 

21.6 

21.7 

21.9 

22.1 

22.3 

22.4 

24.5 

21.0 

21.1 

21.2 

21.3 

21 

4 

21.6 

21.7 

21.9 

22.1 

22.2 

22.4 

22.6 

22.8 

22.9 

25.0 

21.5 

21.6 

21.7 

21.8 

21 

9 

22.1 

22.2 

22.4 

22.6 

22.7 

22.9 

23.1 

23.3 

23.4 

25.5 

22.0 

22.1 

22.2 

22.3 

22 

4 

22.6 

22.7 

22.9 

23.1 

23.2 

23.4 

23.6 

23.8 

23.9 

26.0 

22.5 

22.6 

22.7 

22.8 

22.9 

23.1 

23.2 

23.4 

23.6 

23.7 

23.9 

24.1 

24.3 

24.4 

26.5 

23.0 

23.1 

23.2 

23.3 

23 

4 

23.6 

23.7 

23.9 

24.1 

24.2 

24.4 

24.6 

24.8 

24.9 

27.0 

23.5 

23.6 

23.7 

23.8 

23 

9 

24.1 

24.2 

24.4 

24.6 

24.7 

24.9 

25.1 

25.3 

25.4 

27.5 

24.0 

24.1 

24.2 

24.3 

24 

4 

24.6 

24.7 

24.9 

25.1 

25.2 

25.4 

25.6 

25.8 

25.9 

28.0 

24.5 

24.6 

24.7 

24.8 

24.9 

25.1 

25.2 

25.4 

25.6 

25.7 

25.9 

26.1 

26.3 

26.4 

28.5 

25.0 

25.1 

25.2 

25.3 

25 

4 

25.6 

25.7 

25.9 

26.1 

26.2 

26.4 

26.6 

26.8 

26.9 

29.0 

25.5 

25.6 

25.7 

25.8 

25 

9 

26.1 

26.2 

26.4 

26.6 

26.7 

26.9 

27.1 

27.3 

27.4 

29.5 

26.0 

26.1 

26.2 

26.3 

26 

4 

26.6 

26.7 

26.9 

27.1 

27.2 

27.4 

27.6 

27.8 

27.9 

30.0 

26.5 

26.6 

26.7 

26.8 

26 

It 

27.1 

27.2 

27.4 

27.6 

27.7 

27.9 

28.1 

28.3 

28.4 

30.5 

27.0 

27.1 

27.2 

2 

".3 

27 

4 

27.6 

27.7 

27.9 

28.1 

28.2 

2S.4 

28.6 

28.8 

28.9 

31.0 

27.5 

27.6 

27.7 

2 

r.8 

27 

9 

28.1 

28.2 

28.4 

28.6 

2S.  7 

2S.9 

29.1 

29.3 

29.4 

31.5 

28.0 

28.1 

2S.  2 

28.3 

2S.  4 

28.6 

28.7 

28.9 

29.1 

29.2 

29.4 

29.6 

29.8 

29.9 

32.0 

28.5 

28.6 

28.7 

28.8 

28 

9 

29.1 

29.2 

29.4 

29.6 

29.7 

29.9 

30.1 

30.3 

30.4 

32.5 

29.0 

29.1 

29.2 

29.3 

29 

4 

29.6 

29.7 

29.9 

30.1 

30.2 

30.4 

30.6 

30.8 

30.9 

33.0 

29.5 

29.6 

29.7 

29.8 

29 

9 

30.1 

30.2 

30.4 

30.6 

30.7 

30.9 

31.1 

31.3 

31.4 

33.5 

30.0 

30.1 

30.2 

30.3 

3n 

4 

30.6 

30.7 

30.9 

31.1 

31.2 

31.4 

31.6 

31.8 

31.9 

34.0 

30.5 

30.6 

30.7 

30.8 

3d 

9 

31.1 

31.2 

31.4 

31.6 

31.7 

31.9 

32.1 

32.3 

32.4 

34.5 

31.0 

31.1 

31.2 

31.3 

31 

4 

31.6 

31.7 

31.9 

32.1 

32.2 

32.4 

32.6 

32.8 

32.9 

35.0 

31.5 

31.6 

31.7 

31.8 

31 

9 

32.1 

32.2 

32.4 

32.6 

32.7 

32.9 

33.1 

33.3 

33.4 

Flash  point,  °C. 

720 

725   730 

735 

740 

745 

750 

755 

760 

765 

770 

775 

780 

785 

17.6 

17.8 

18.0 

18.1 

18.3 

18.5 

18.7 

18.8 

19.0 

19.2 

19.4 

19.5 

19.7 

19.9 

18.1 

18.3 

18.5 

18.6 

18.8 

19.0 

19.2 

19.3 

19.5 

19.7 

19.9 

20.0 

20.2 

20.4 

18.6 

18.8 

19.0 

19.1 

19.3 

19.5 

19.7 

19.8 

20.0 

20.2 

20.4 

20.5 

20.7 

20.9 

19.1 

19.3 

19.5 

19.6 

19.8 

20.0 

20.2 

20.3 

20.5 

20.7 

20.9 

21.0 

21.2 

21.4 

19.6 

19.8 

20.0 

20.1 

20.3 

20.5 

20.7 

20.8 

21.0 

21.2 

21.4 

21.5 

21.7 

21.9 

20.1 

20.3 

20.5 

20.6 

20.8 

21.0 

21.2 

21.3 

21.5 

21.7 

21.9 

22.0 

22.2 

22.4 

20.6 

20.8 

21.0 

21.1 

21.3 

21.5 

21.7 

21.8 

22.0 

22.2 

22.4 

22.5 

22.7 

22.9 

21.1 

21.3 

21.5 

21.6 

21.8 

22.0 

22.2 

22.3 

22.5 

22.7 

22.9 

23.0 

23.2 

23.4 

21.6 

21.8 

22.0 

22.1 

22.3 

22.5 

22.7 

22.8 

23.0 

23.2 

23.4 

23.5 

23.7 

23.9 

22.1 

22.3 

22.5 

22.6 

22.8 

23.0 

23.2 

23.3 

23.5 

23.7 

23.9 

24.0 

24.2 

24.4 

22.6 

22.8 

23.0 

23.1 

23.3 

23.5 

23.7 

23.8 

24.0 

24.2 

24.4 

24.5 

24.7 

24.9 

23.1 

23.3 

23.5 

23.6 

23.8 

24.0 

24.2 

24.3 

24.5 

24.7 

24.9 

25.0 

25.2 

25.4 

23.6 

23.8 

24.0 

24.1 

24.3 

24.5 

24.7 

24.8 

25.0 

25.2 

25.4 

25.5 

25.7 

25.9 

24.1 

24.3 

24.5 

24.6 

24.8 

25.0 

25.2 

25.3 

25.5 

25.7 

25.9 

26.0 

26.2 

26.4 

24.6 

24.8 

25.0 

25.1 

25.3 

25.5 

25.7 

25.8 

26.0 

26.2 

26.4 

26.5 

26.7 

26.9 

25.1 

25.3 

25.5 

25.6 

25.8 

26.0 

26.2 

26.3 

26.5 

26.7 

26.9 

27.0 

27.2 

27.4 

25.6 

25.8 

26.0 

26.1 

26.3 

26.5 

26.7 

26.8 

27.0 

27.2 

27.4 

27.5 

27.7 

27.9 

26.1 

26.3 

26.5 

26.6 

26.8 

27.0 

27.2 

27.3 

27.5 

27.7 

27.9 

28.0 

28.2 

28.4 

26.6 

26.8 

27.0 

27.1 

27.3 

27.5 

27.7 

27.8 

28.0 

2:s.  2 

2s.  4 

28.5 

28.7 

28.9 

27.1 

27.3 

27.5 

27.6 

27.8 

28.0 

28.2 

28.3 

28.5 

28.  7 

28.9 

29.0 

29.2 

29.4 

27.6 

27.8 

28.0 

28.1 

28.3 

28.5 

28.7 

28.8 

29.0 

29.2 

29.4 

29.5 

29.7 

29.9 

28.1 

28.3 

28.5 

28.6 

28.8 

29.0 

29.2 

29.3 

29.5 

29.7 

29.9 

30.0 

30.2 

30.4 

28.6 

28.8 

29.0 

29.1 

29.3 

29.5 

29.7 

29.8 

30.0 

30.2 

30.4 

30.5 

30.7 

30.9 

29.1 

29.3 

29.5 

29.6 

29.8 

30.0 

30.2 

30.3 

30.5 

30.7 

30.9 

31.0 

31.2 

31.4 

29.6 

29.8 

30.0 

30.1 

30.3 

30.5 

30.7 

30.8 

31.0 

31.2 

31.4 

31.5 

31.7 

31.9 

30.1 

30.3 

30.5 

30.6 

30.8 

31.0 

31.2 

31.3 

31.5 

31.7 

31.9 

32.0 

32.2 

32.4 

30.6 

30.8 

31.0 

31.1 

31.3 

31.5 

31.7 

31.8 

32.0 

32.2 

32.4 

32.5 

32.7 

32.9 

31.1 

31.3 

31.5 

31.6 

31.8 

32.0 

32.2 

32.3 

32.5 

32.7 

32.9 

33.0 

33.2 

33.4 

31.6 

31.8 

32.0 

32.1 

31.3 

32.5 

32.7 

32.8 

33.0 

33.2 

33.4 

33.5 

33.7 

33.9 

32.1 

32.3 

32.5 

32.6 

32.8 

33.0 

33.2 

33.3 

33.5 

33.7 

33.9 

34  0 

34.2 

34.4 

32.6 

32.8 

33.0 

33.1 

33.3 

33.5 

33.7 

33.8 

34.0 

34.2 

34.4 

34.5 

34.7 

34.9 

33.1 

33.3 

33.5 

33.6 

33.8 

34.0 

34.2 

34.3 

34.5 

34.7 

34.9 

35. 0 

35.2 

35.4 

33.6 

33.8 

34.0 

34.1 

34.3 

34.5 

34.7 

34.8 

35.0 

35.2 

35.4 

35.5 

35.7 

35.9 

a  Beilage  zum   Beglaubigungsschein  fur  den  Abelschen    Petroleumprober:  Physikalisch-Teehnische 
Reichsanstalt,  1910. 
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Table  2. — Table  for  converting  barometric  jrressuresfrom  millimeters  to  inches.0 

[700  to  779  mm.] 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

70 

27. 559 

27. 598 

27.638 

27. 677 

27.  716 

27.  756 

27.  795 

27.835 

27. 874 

27. 913 

71 

27. 953 

27. 992 

28. 031 

2s.  071 

2S.  110 
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SPECIFICATIONS  FOR  THE  BUREAU  OF  MINES  FLASH  TESTERS. 

In  order  to  meet  the  demand  for  a  more  accurate  tester  in  the 
industry  and  in  order  that  there  may  be  no  question  as  to  the  exact 
dimensions  of  the  testers  and  the  details  of  their  construction,  as 
modified  by  the  Bureau  of  Mines,  specifications  for  their  construction 
are  presented  herewith. 

1.  These  specifications  are  intended  to  provide  a  flash-testing  apparatus  for  light  oil 
and  a  flash- testing  apparatus  for  heavy  oil. 

2.  Drawings  <*  (C-317,  C-318,  C-319,  B-128,  B-129,  and  A-4)  and  Pis.  I  and  II  ac- 
company these  specifications,  and  both  drawings  and  specifications  shall  be  con- 
sidered each  as  supplementary  to  the  other,  so  that  the  material  and  workmanship 
shown,  called  for,  or  implied  by  one  and  not  the  other  shall  be  worked  into  place  as 
though  specified  in  both. 

Should  any  figure  be  omitted  from  the  general  plan  or  from  the  details,  or  should 
any  error  appear  in  either,  the  contractor  shall  apprise  the  Bureau  of  Mines  of  such 
omission  or  error,  and  shall  under  no  circumstances  proceed  with  the  work  without 
further  detailed  drawings  or  instructions. 

No  deviation  from  the  approved  drawings  and  these  specifications  will  be  allowed, 
unless  written  permission  shall  have  been  previously  granted  by  the  Bureau  of  Mines. 

On  the  drawings,  figures  shall  always  have  preference  over  the  scale  in  dimensions. 

3.  All  joints,  except  those  not  subject  to  the  heat  of  the  apparatus,  shall  be  pinned, 
riveted,  screwed,  or  brazed.  Those  not  affected  by  heat  may  be  soldered.  Where 
dimensions  have  been  intentionally  omitted,  the  contractor  is  empowered  to  use  his 
best  judgment  in  the  construction  and  assembling  of  the  parts  affected. 

All  pins,  screws,  etc.,  now  shown  on  the  drawings  shall  be  supplied  and  assembled 
where  required.  A  clock  spring  shall  be  provided  for  part  15-C-318  and  C-319.  The 
cover  and  details  thereon  of  part  l-C-318  are  of  similar  construction  for  both  type 
B-128  and  type  B-129  flash  testers. 

The  contractor  is  empowered  to  use  material  and  tools  of  standard  dimensions 
where  the  use  of  same  will  not  interfere  with  the  operation  or  workmanship  of  the 
apparatus,  the  dimensions  on  the  drawings  being  converted  from  the  nearest  metric 
dimension  on  the  apparatus  from  which  this  design  was  made. 

Both  types  of  apparatus  shall  be  assembled  and  tested  before  delivery  to  the  Bureau 
of  Mines. 

4.  The  prices  given  in  the  accepted  proposal  shall  include  the  supply  and  erection 
in  a  good,  sound,  substantial,  and  workmanlike  manner  of  all  the  parts  required  for 
the  completion  of  the  apparatus  and  shall  include  all  the  parts  shown  on  the  drawings 
and  described  in  these  specifications. 

No  deviation  from  the  price  as  specified  in  the  accepted  proposal  shall  be  allowed 
except  in  accordance  with  the  section  of  these  specifications  relative  to  changes  in 
section  5. 

5.  The  right  is  reserved  to  make  such  changes  in  the  order,  plans,  and  specifica- 
tions as  may  be  deemed  necessary  or  advisable  by  the  undersigned,  or  other  duly 
accredited,  representative  of  the  Bureau  of  Mines.  The  effect  upon  the  cost  of  the 
work  as  caused  by  such  changes  shall  be  ascertained  by  the  aforesaid  representative, 
and  the  contractor  shall  agree  and  consent  that  the  stipulated  price,  increased  or 
decreased  by  the  sum  ascertained,  shall  be  accepted  in  full  satisfaction  for  the  work 

a  The  drawings  will  be  furnished  any  instrument  maker  or  interested  person  on  request. 
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dour,  provided  that  any  changes  determined  upon  shall  be  stipulated  upon  and 
agreed  to  in  writing  by  the  parties  to  the  contract. 

6.  All  work  shall  be  subject  to  the  inspection  of  a  duly  accredited  representative 
of  the  Bureau  of  Mines  at  any  time  during  its  construction  and  after  its  completion 
and  -will  not  be  accepted  if,  in  his  judgment,  it  does  not  fulfill  the  intent  and  purpose 
herein  stated. 

The  thermometer  shall  be  calibrated  when  immersed  to  the  collar  and  under  con- 
ditions that  correspond  as  nearly  as  possible  to  the  conditions  of  testing. 

There  shall  be  two  lines  engraved  on  the  outside  of  the  glass  body  at  the  extremities 
of  the  scale  range  to  show  that  the  scale  has  not  changed  or  slipped. 

Thermometers  Nos.  2  and  3  (drawing  sheet  A— 1)  are  to  be  graduated  in  half  degrees. 

Thermometers  Nos.  1,  4,  and  5  (drawing  sheet  A-4)  are  to  be  graduated  in  whole 
degrees. 

A  special  clockworks  for  operating  the  shutter  may  be  substituted  for  the  clock- 
works shown  in  drawing  C-318,  or  the  clockworks  may  be  in  accord  with  any  standard 
movement  that  will  perform  the  same  operation  in  an  equal  period  of  time.  The 
clockworks  for  operating  the  shutter  shall  consist  of  one  standard  alarm  barrel  with 
special  arbor,  one  standard  lantern  pinion  with  escape  wheel,  one  special  hammer 
and  hammer  staff  to  govern  speed  of  movement,  which  should  be  such  that  the  cover 
will  be  opened  and  the  test  flame  exposed  for  a  period  of  1  second. 

These  parts  are  to  be  mounted  in  a  frame  15  mm.  in  diameter,  made  of  0.5-mm. 
brass  stock  held  together  by  three  special  pillars  approximately  10  mm.  high. 

The  complete  set  of  testers  shall  consist  of  three  cups  (l-C-317),  one  cover  with 
clockworks  complete  for  operating  shutter,  one  bath  as  shown  in  l-B-128,  and  one 
bath  as  shown  in  l-B-129,  complete  with  a  gas  burner  for  each  bath  and  a  set  of  five 
thermometers. 

The  overflow  hole  of  the  oil  cup  shall  be  on  the  side  opposite  the  filling  point. 
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